Morusin which has been isolated from the root bark of Morus alba L. (Moraceae) has previously demonstrated anticancer activity in various types of cancer cells such as hepatocellular carcinoma, glioma and prostate cancer. However, the effect of morusin on breast cancer cells remains unclear. In the present study, the potential of morusin as an anti-cancer agent in breast cancer was investigated. The results of the present study revealed that the treatment of morusin induced cell death in various human breast cancer cell lines, but exhibited little effect on normal human breast epithelial cells. In Annexin V-propidium iodide double staining assays, morusin significantly increased apoptosis in a dose-dependent manner in human breast cancer cells. The apoptosis marker proteins cleaved caspase 3 and 9 were consistently upregulated following treatment of cells with morusin in a time-and dose-dependent manner. Furthermore, morusin was demonstrated to modulate the expression of the anti-apoptotic protein Survivin and pro-apoptotic protein B-cell lymphoma 2-associated-x protein (Bax) in human breast cancer cells. These results indicate that morusin induces apoptosis by suppressing Survivin and inducing Bax proteins, suggesting that morusin is a potentially effective therapeutic agent for the treatment of patients with breast cancer.
Introduction
Morusin which has been isolated from the root bark of Morus alba L. (Moraceae), known and read as SangBekPi in Republic of Korea, possesses various biological activities including antimicrobial, scavenging against superoxide anion radical and anti-inflammatory activities (1) (2) (3) . Previous studies have indicated that morusin suppresses cancer cell growth, and induces cell death in cervical cancer, hepatoma, glioma and prostate cancer (4) (5) (6) (7) (8) (9) . The anticancer activity of morusin is mediated by inhibiting signal transducer and activator of transcription 3 (STAT3) and/or nuclear factor (NF)-κB pathways, which results in apoptosis (5) (6) (7) .
Breast cancer is the most common type of cancer, and the third leading cause of cancer-associated mortality, in females worldwide with >522,000 mortalities in 2012 (15% of female mortalities) (10, 11) . Mortality rates for breast cancer are lowest in Eastern Asia; however, the incidence of female breast cancer has been continuously increasing in the Republic of Korea (12) . Although different types of treatment including surgery, radiotherapy, chemotherapy, targeted therapy and hormonal therapy are available for patients with primary breast cancer, there are still numerous limitations in breast cancer treatment due to the complex disease factors (13) . Therefore, advances in scientific knowledge and the underlying molecular mechanisms associated with breast cancer may help to reduce the incidence rate of breast cancer.
Malignant tumors usually possess the capability to avoid apoptosis and other death signals, which leads to therapeutic resistance (14, 15) . The modulation of apoptosis-associated proteins including Bcl-2-associated-x protein (Bax) and Survivin in tumors is the most common strategy of evading apoptosis. The pro-apoptotic protein Bax is classified as a multi-domain protein of the B-cell lymphoma 2 (Bcl-2) family that regulates mitochondrial signaling by mitochondrial outer membrane permeabilization (MOMP). Bax requires the heterodimer with Bcl-2 antagonist/killer 1 (Bak) in order to be responsible for mitochondrial dysfunction and MOMP (16) . Inactivating mutations of Bax occur in numerous types of human cancer, including breast cancer, leading to the
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uncontrolled growth of tumors (17) (18) (19) . As an anti-apoptotic protein, Survivin regulates apoptosis and the cell cycle. Survivin has been demonstrated to increase the drug resistance in cancers via caspase-dependent mechanisms. However, the inhibition of Survivin in tumor cells induces apoptotic cell death (20) (21) (22) (23) . The expression of Survivin is also modulated in the majority of human cancer types including breast cancer (20) . Thus, induction of apoptosis through targeting anti-and/or pro-apoptotic proteins has recently been regarded as a potentially effective strategy for cancer treatment. In the present study, the anti-cancer activity of morusin was investigated in multiple human breast cancer cell lines.
Materials and methods
Cell culture and reagents. 
Results
Morusin suppresses cell viability in human breast cancer cells. In order to investigate the possible therapeutic effect of morusin in breast cancer, the effects of morusin on the viability of human breast cancer cells was evaluated. Human breast cancer cell lines MCF-7, MDA-MB-157, MDA-MB-231 and MDA-MB-453, and a normal immortalized breast epithelial cell line MCF10A were treated with morusin for 24, 48 and 72 h, and cell viability was measured using MTT assays. As illustrated in Fig. 1 , morusin significantly suppressed cell viability in a dose-or/and a time-dependent manner in all breast cancer cell lines treated with 20 µM morusin. However, notably morusin exhibited a lesser effect on normal mammary epithelial MCF10A cells, which was not significant until 48 h of treatment. Furthermore, IC 50 values indicated that morusin is a more potent cytotoxic reagent in breast cancer cells compared with that in normal cells (Table I ). These results suggested that morusin is a potentially effective therapeutic agent for breast cancer.
Morusin induces apoptosis in human breast cancer cells.
To investigate whether a decrease in cell viability by morusin is due to the induction of apoptosis, the effect of morusin on apoptosis in human breast cancer MCF-7 and MDA-MB-231 cells was evaluated using Annexin V/propidium iodide (PI) double staining. As illustrated in Fig. 2, 10 µM morusin significantly increased the Annexin V-positive cell population in a dose-dependent manner in MDA-MB-231 and MCF-7 cells, which is indicative of apoptosis. Furthermore, it was consistently demonstrated that morusin increased the expression of apoptotic marker proteins, cleaved caspase 9, cleaved caspase 3 and PARP cleavage, in a dose- (Fig. 3A) and time- (Fig. 3B ) dependent manner. Together these results indicate that morusin induces apoptosis in human breast cancer cells.
Morusin decreases Survivin and increases Bax in human breast cancer cells. Previous studies have reported that morusin Data are presented as the mean ± standard error of the mean; IC 50 , concentration required for 50% inhibition. induces apoptosis by modulating STAT3 and/or NF-κB in various types of cancer cells, which are well-known transcription factors that regulate various genes involved in cellular proliferation, survival and apoptosis (5) (6) (7) . Thus, the effect of morusin on the regulation of apoptosis-associated protein expression was determined in MDA-MB-231 and MCF-7 cells. As illustrated Fig. 4 , morusin induced Bax and reduced Survivin expression in a dose-( Fig. 4A ) and time- (Fig. 4A ) dependent manner, while no effect on the expression of Bcl-2 and Bcl-xL was observed in human breast cancer cells. These results indicate that morusin induces apoptosis by regulating the pro-apoptotic protein Bax and the anti-apoptotic protein Survivin in human breast cancer cells.
Discussion
Breast cancer is the most common type of cancer and the third leading cause of cancer-associated mortality for women worldwide with >522,000 mortalities in 2012 (11) . In the Republic of Korea, the incidence of breast cancer in women has been continuously increasing (12) . Various therapeutic strategies for breast cancer have been developed to date. However, the overall treatment efficiency for malignant and metastatic breast cancer remains stagnant. Recent studies have identified effective phytochemicals for the treatment of cancer, including advanced stage breast cancer (26) (27) (28) . Therefore, the potential of morusin as a therapeutic agent for breast cancer was evaluated in the present study. Cytotoxicity assays were used to verify whether morusin could be a therapeutic agent for breast cancer, and revealed that morusin suppressed cell viability in human breast cancer cells with an IC 50 of 18-45 µM. However, morusin exhibited little toxic effect in normal breast MCF10A cells with an IC 50 of >118 µM following 24 h morusin treatment, which demonstrated similar results following treatment for 48 and 72 h. Although it was revealed that morusin induced apoptosis in breast cancer cells, the apoptotic rate was lower compared with the cytotoxicity rate for the same concentration of morusin. These results indicate that morusin may induce other types of cell death, including necrosis and autophagy in breast cancer cells. Apoptosis is an evolutionarily conserved essential process for development and tissue homeostasis (29) . However, an analysis of the evidence suggests that the upregulation of anti-apoptotic proteins in cancer is considered one of the strategies of evading apoptosis (as reviewed in 30). For this reason, scientists have developed anti-cancer drugs targeting these apoptosis-associated proteins. In the present study, it was demonstrated that morusin is a candidate for anti-cancer agent to treat breast cancer by suppression of the anti-apoptotic protein Survivin (Fig. 4 ). Furthermore, morusin increased pro-apoptotic protein Bax expression in breast cancer cells, indicating its ability at targeting anti-and pro-apoptotic signals that may increase anticancer activity. Previous studies have reported that morusin inhibits proliferation of cancer cell by suppressing STAT3 signal (5) (6) (7) . Inhibition of STAT3 subsequently affects the expression of its downstream targets, including Bax and Survivin (31, 32) . In the present study, morusin was revealed to modulate the expression of Bax and Survivin in human breast cancer cells, suggesting that STAT3 may be involved in this regulation.
In conclusion, the results of the present study indicate that morusin can induce apoptosis by decreasing Survivin and increasing Bax protein expression in human breast cancer cells. These results indicate that morusin may be a potentially effective anticancer agent for the treatment of patients with breast cancer.
